Molecular and functional identification of sodium ion-dependent, high affinity human carnitine transporter OCTN2.
Primary carnitine deficiency, because of a defect of the tissue plasma membrane carnitine transporters, causes critical symptoms. However, the transporter has not been molecularly identified. In this study, we screened a human kidney cDNA library and assembled a cDNA-encoding OCTN2 as a homologue of the organic cation transporter OCTN1, and then we examined the function of OCTN2 as a carnitine transporter. OCTN2-cDNA encodes a polypeptide of 557 amino acids with 75.8% similarity to OCTN1. Northern blot analysis showed that OCTN2 is strongly expressed in kidney, skeletal muscle, heart, and placenta in adult humans. When OCTN2 was expressed in HEK293 cells, uptake of L-[3H]carnitine was strongly enhanced in a sodium-dependent manner with Km value of 4.34 microM, whereas typical substrates for previously known organic cation transporters, tetraethylammonium and guanidine, were not good substitutes. OCTN2-mediated L-[3H]carnitine transport was inhibited by the D-isomer, acetyl-D,L-carnitine, and gamma-butyrobetaine with high affinity and by glycinebetaine with lower affinity, whereas choline, beta-hydroxybutyric acid, gamma-aminobutyric acid, lysine, and taurine were not inhibitory. Because the observed tissue distribution of OCTN2 is consistent with the reported distribution of carnitine transport activity and the functional characteristics of OCTN2 coincide with those reported for plasma membrane carnitine transport, we conclude that OCTN2 is a physiologically important, high affinity sodium-carnitine cotransporter in humans.